Context. Understanding the formation, evolution and present-day properties of the cosmic web and objects forming it is an important task in cosmology. Aims. We compare the galaxy populations in superclusters of different morphology in the nearby Universe (180 h −1 Mpc ≤ d ≤ 270 h −1 Mpc) to see whether the inner structure and overall morphology of superclusters are important in shaping galaxy properties in superclusters. Methods. We find supercluster morphology with Minkowski functionals and analyse the probability density distributions of colours, morphological types, stellar masses, star formation rate (SFR) of galaxies, and the peculiar velocities of the main galaxies in groups in superclusters of filament and spider types, and in the field. We test the statistical significance of the results with the KS test. Results. The fraction of red, early-type, low SFR galaxies in filament-type superclusters is higher than in spider-type superclusters; in low-density global environments their fraction is lower than in superclusters. In all environments the fraction of red, high stellar mass, and low SFR galaxies in rich groups is higher than in poor groups. In superclusters of spider morphology red, high SFR galaxies have higher stellar masses than in filament-type superclusters. Groups of equal richness host galaxies with larger stellar masses, a larger fraction of early-type and red galaxies, and a higher fraction of low SFR galaxies, if they are located in superclusters of filament morphology. The peculiar velocities of the main galaxies in groups from superclusters of filament morphology are higher than in those of spider morphology. Groups with higher peculiar velocities of their main galaxies in filament-type superclusters are located in higher density environment than those with low peculiar velocities. There are significant differences between galaxy populations of the individual richest superclusters. Conclusions. Both local (group) and global (supercluster) environments and even supercluster morphology play an important role in the formation and evolution of galaxies. Differences in the inner structure of superclusters of filament and spider morphology and the dynamical state of galaxy groups in them may lead to the differences found in our study.
Introduction
The large scale structure of the Universe is formed by a hierarchy of galaxy systems from isolated galaxies to groups, clusters, and superclusters of galaxies. Galaxy superclusters, environments for galaxies, and groups and clusters of galaxies, are the largest relatively isolated systems in the Universe are galaxy superclusters (de Vaucouleurs 1956; Jõeveer et al. 1978; Einasto et al. 1984 Einasto et al. , 1994 Zucca et al. 1993) . To understand the role of small-scale (group) and large-scale (supercluster) environments in galaxy formation and evolution, we need to study the properties of superclusters and their galaxy and group populations together.
With the advent of deep surveys covering large areas in the sky it became possible to determine the parameters of a large number of superclusters, and to study in detail the galaxy and group populations in them. These studies have revealed that in richer superclusters groups and clusters of galaxies are also Send offprint requests to: M. Einasto richer, and they contain a larger fraction of red, non-star forming galaxies than poor superclusters (Einasto et al. 2007a,b) .
Early studies of galaxy environment showed that environments at the group and cluster scale affects the morphology of galaxies, early-type, more luminous galaxies are located in higher density environments than late-type, fainter galaxies (Einasto et al. 1974; Dressler 1980; Postman & Geller 1984; Einasto & Einasto 1987; Hamilton 1988; Einasto 1991) . The environment affects the properties of galaxies and groups of galaxies even at larger scales, up to 10-15 h −1 Mpc (Einasto & Einasto 1987; Mo et al. 1992; Einasto et al. 2003a,b; Skibba 2009; Tempel et al. 2011 ). In addition, groups of the same richness contain a larger fraction of red, non-star-forming galaxies if they are located in rich superclusters compared to groups in poor superclusters or in low-density large-scale environments outside of superclusters Lietzen et al. 2012) . Luparello et al. (2013) showed that the stellar population of galaxies in groups in superstructures is systematically older, and groups themselves are larger and have higher velocity dispersions than groups which do not belong to superstructures.
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The morphology of superclusters have been studied, for example, by Costa-Duarte et al. (2011) and Einasto et al. (2007c) . Galaxy superclusters have complex inner structures that can be quantified with morphological descriptors as Minkowski functionals. Einasto et al. (2007c Einasto et al. ( , 2011a found in the wide morphological variety of superclusters two main types of superclusters: filaments and spiders. In filaments high-density core(s) of superclusters are connected by a small number of galaxy chains (filaments). In spiders there are many galaxy chains between high-density cores in superclusters. Poor spider-type superclusters are similar to our Local supercluster with one rich cluster and filaments of galaxies and poor groups of galaxies around it (Einasto et al. 2007c) . Einasto et al. (2012a) analysed the structure of rich galaxy clusters in superclusters of different morphologies and showed that clusters in superclusters of spider morphology have higher probabilities of having substructure and their main galaxies have higher peculiar velocities than clusters in superclusters of filament morphology.
In the present study we continue our analysis of superclusters of different morphology, studying their galaxy and group populations, to understand better how the large-scale (supercluster) environment affects the properties of galaxies and groups residing in them. For comparison we also analyse galaxy content and group properties in low-density global environment (field).
In Sect. 2 we describe the data about galaxies, groups, and superclusters used in this paper, in Sect. 3 we compare the galaxy content and the peculiar velocities of the main galaxies in groups in superclusters of different type, and in the field. We discuss the results and draw conclusions in Sect. 4.
We assume the standard cosmological parameters: the Hubble parameter H 0 = 100 h km s −1 Mpc −1 , the matter density Ω m = 0.27, and the dark energy density Ω Λ = 0.73 (Komatsu et al. 2011 ).
Data

Galaxy, group, and supercluster data
We use the MAIN sample of the 8th data release of the Sloan Digital Sky Survey (SDSS DR8) (Aihara et al. 2011 ) with the apparent Galactic extinction corrected r magnitudes r ≤ 17.77, and the redshifts 0.009 ≤ z ≤ 0.200, in total 576493 galaxies. We corrected the redshifts of galaxies for the motion relative to the CMB and computed the co-moving distances (Martínez & Saar 2002 ) of galaxies.
Galaxy groups were determined using the Friends-ofFriends cluster analysis method introduced in cosmology by Zeldovich et al. (1982) and Huchra & Geller (1982) . A galaxy belongs to a group of galaxies if this galaxy has at least one group member galaxy closer than a linking length. In a fluxlimited sample the density of galaxies slowly decreases with distance. To take this selection effect into account properly when constructing a group catalogue from a flux-limited sample, we rescaled the linking length with distance, calibrating the scaling relation by observed groups (see Tago et al. 2008 Tago et al. , 2010 . As a result, the maximum sizes in the sky projection and the velocity dispersions of our groups are similar at all distances. Our initial sample is chosen in the distance interval 120 h
Mpc (the redshift range 0.04 < z < 0.09) where the selection effects are the smallest (we discuss the selection effects in detail in Tago et al. 2010; Einasto et al. 2012a ). The details of data reduction and the description of the group catalogue can be found in Tempel et al. (2012) .
We calculate the galaxy luminosity density field to reconstruct the underlying luminosity distribution and to determine superclusters (extended systems of galaxies) in the luminosity density field at smoothing length 8 h −1 Mpc using B 3 spline kernel (see Einasto et al. 2007c , for comparison between B 3 and Gaussian kernel). We created a set of density contours by choosing a density thresholds and defined connected volumes above a certain density threshold as superclusters. In order to choose a proper density level to determine individual superclusters, we analysed the properties of the density field superclusters at a series of density levels. As a result we used the density level D 8 = 5.0 (in units of mean density, ℓ mean = 1.65·10 . At this density level superclusters in the richest chains of superclusters in the volume under study still form separate systems; at lower density levels they join into huge percolating systems. At higher threshold density levels superclusters are smaller and their number decreases.
The morphology of all superclusters used in this study was determined in Einasto et al. (2012a) applying Minkowski functionals. For a given surface the four Minkowski functionals are proportional to the enclosed volume V, the area of the surface S , the integrated mean curvature C, and the integrated Gaussian curvature χ (see Appendix B and Einasto et al. 2007c, 2011a , for details and references). The overall morphology of a supercluster is described by the shapefinders K 1 (planarity) and K 2 (filamentarity), and their ratio, K 1 /K 2 (the shape parameter), calculated using the first three Minkowski functionals. The lower the value of the shape parameter, the more elongated a supercluster is. The maximum value of the fourth Minkowski functional V 3 characterises the inner structure of the superclusters. The higher the value of V 3 , the more complicated the inner morphology of a supercluster is (Einasto et al. 2007c (Einasto et al. , 2011b . Superclusters were classified as filaments and spiders on the basis of their morphological information and visual appearance. Superclusters show wide morphological variety in which Einasto et al. (2011a) determined four main morphological types: spiders, multispiders, filaments, and multibranching filaments. Spiders and multispiders are systems of one or several high-density clumps with a number of outgoing filaments connecting them. Filaments and multibranching filaments are superclusters with filament-like main bodies that connect clusters in superclusters. For simplicity, in this study we classify superclusters as spiders and filaments. In Appendix B we show an examples of filament and spider-type superclusters.
The description of the supercluster catalogues is given in Liivamägi et al. (2012) , the details of supercluster morphology are given in Einasto et al. (2007c Einasto et al. ( , 2011a . Figure 1 presents the distribution of rich galaxy clusters in superclusters of filament and spider morphology, as well as from the field in cartesian coordinates x, y, and z defined as in Park et al. (2007) and in Liivamägi et al. (2012) :
where d is the finger of god corrected comoving distance, and λ and η are the SDSS survey coordinates.
Up to distances of about 180 h −1 Mpc the SDSS survey crosses the void region between the Hercules supercluster and the chain of rich superclusters farther away (the Bootes void, Kirshner et al. 1981) . Two chains of galaxies, groups, and superclusters cross this void. At the distance interval of about Distribution of galaxy groups with at least four member galaxies in superclusters in x, y, and z coordinates. Red filled circles correspond to groups in filament-type superclusters. Blue empty circles denote groups in spider-type superclusters. Grey crosses denote groups with at least 30 member galaxies from the field.
Mpc the survey crosses a number of rich superclusters, including the Sloan Great Wall (detailed description of the large-scale distribution of superclusters can be found in Einasto et al. 2011b,a) . At distances d > 270 h −1 Mpc there is another void region, and the frequency of superclusters in this region is very low. This is also seen in Fig. 2 where we plot the distributions of distances to red and blue galaxies divided by their colour index g − r = 0.7 (see Sect. 2.2) in superclusters and in the field.
We have different distance intervals with different largescale distributions and richness of systems. From these we analysed data from two regions: a void region with poor systems, 120
Mpc (near sample), and a supercluster region with rich systems of galaxies 180 h
. Among the 50 superclusters studied, 35 are of spider morphology and 15 of filament morphology. The supercluster data are given in Table A.1. We do not use data for very poor superclusters without any rich clusters whose morphology is difficult to determine (for details we refer to Einasto et al. 2012a) .
Our data are based on a flux-limited sample of galaxies in which absolute magnitude limit increases with distance, introducing selection effects: there are relatively more red galaxies at great distances (this can also be seen in Fig. 2) . In order to avoid this selection effect we used volume-limited samples with M r ≤ −18.5 in near samples, and M r ≤ −19.5 in distant samples. The numbers of galaxies in near and distant samples of superclusters are given in Table 1 . The number of galaxies in filament-type superclusters from near sample is small. Our cal- culations showed that the results for the near and distant samples are similar, but the statistics of the near sample are not very reliable, therefore in the paper we present our results for the distant sample only. 
Galaxy properties
In the present paper we use the g − r colours of galaxies and their absolute magnitudes in the r-band M r . The absolute magnitudes of individual galaxies are computed according to the formula
where d L is the luminosity distance in units of h −1 Mpc and K is the k+e-correction. The k-corrections were calculated with the KCORRECT (v4_2) algorithm (Blanton & Roweis 2007) and the evolution corrections have been calibrated according to Blanton et al. (2003) . We use M ⊙ = 4.53 (in r-filter). All of our magnitudes and colours correspond to the rest-frame at redshift A&A proofs: manuscript no. AA23111 z = 0. The value g − r = 0.7 is used to separate red and blue galaxies, red galaxies having g − r ≥ 0.7. We used the morphology classification by Huertas-Company et al. (2011) To study the stellar masses log M s and SFRs, we use the MPA-JHU spectroscopic catalogue (Tremonti et al. 2004; Brinchmann et al. 2004) . In this catalogue the different properties of galaxies are obtained by fitting SDSS photometry and spectra with the stellar population synthesis models developed by Bruzual & Charlot (2003) . The stellar masses of galaxies are derived in the manner described by Kauffmann et al. (2003) . For the DR8 data the stellar masses are estimated from the galaxy photometry (rather than the spectral indices D n 4000 and H δ used by Kauffmann et al. 2003) . The SFRs are computed using the photometry and emission lines as described by Brinchmann et al. (2004) and Salim et al. (2007) . For active galactic nuclei and galaxies with weak emission lines, SFRs are estimated from the photometry. For star-forming galaxies with strong emission lines, the SFRs are estimated by fitting different emission lines in the galaxy spectrum (
The stellar masses and SFRs are taken from the SDSS CAS database.
In the group catalogue the main galaxy of a group is defined as the most luminous galaxy in the r-band. We also use this definition in the present paper. In virialized clusters galaxies follow the cluster potential well, and so we would expect that the main galaxies in clusters lie at the centres of groups and have low peculiar velocities (Ostriker & Tremaine 1975) . Therefore the peculiar velocity of the main galaxies in clusters is also an indication of the dynamical state of the cluster (Coziol et al. 2009; Einasto et al. 2012b ). We calculate the peculiar velocities of the main galaxies, |v pec |, and compare these velocities for groups in superclusters of different morphology, and in the field.
Results
Superclusters of different morphology
We analyse galaxy populations in superclusters of different morphology, and in the field using probability density distributions which are calculated within the statistical package R environment using the 'density' command in the 'stats' package (Ihaka & Gentleman 1996) 1 . In Tables in Appendix C we present the values of quantiles of the parameters analysed in the paper. The distributions of colours, probabilities of being early or late type, stellar masses, and SFRs are bimodal or asymmetrical; the use of full distributions in the analysis and quantile values in Tables is straightforward. To not to make tables too overcrowded we do not include errors to the tables; the statistical significance of the differences between different galaxy properties have been found using the full data (the integral distributions) and the Kolmogorov-Smirnov (KS) test. We give the p KS -values of the test, throughout the paper (for details of this approach we refer to Einasto et al. 2008) . We consider that the differences between distributions are highly significant if the p KS value (the estimated probability of rejecting the hypothesis that distributions are statistically similar) p KS ≤ 0.05. Figure 3 present the distributions of galaxy g − r colours, probabilities of being late type (p l ), stellar masses (log M s ), and SFRs for galaxies from superclusters of filament and spider mor-1 http://www.r-project.org phology, and from the field. We show the distributions of latetype galaxies only; the distributions of early-type galaxies show similar differences between galaxy populations (p e = 1−p l ). The values of quantiles of galaxy parameters are given in Table C This figure shows, first of all, that galaxy populations in superclusters and in the field are different, superclusters containing a larger fraction of red, early-type, high stellar mass, and low SFR galaxies than can be found in the field. These figures show that galaxy populations in superclusters of filament and spider morphology are also different, superclusters of filament morphology contain a larger fraction of red, early-type, low SFR galaxies than superclusters of spider morphology. All differences are statistically significant at very high confidence level (p KS < 0.001).
The distribution of stellar masses of galaxies in filament and spider-type superclusters shows that in filament-type superclusters there is some deficit of low stellar mass galaxies with log M s < 10.25, and relatively more galaxies of higher stellar mass than in superclusters of spider morphology. In Fig. 4 we show the probability density distributions of colours, types, and SFRs of high and low stellar mass galaxies in superclusters of filament and spider type. Table C .2 presents the values of quantiles of these parameters. As expected (see, for example, Blanton & Moustakas 2009), among high stellar mass galaxies there are relatively more red, early-type, low SFR galaxies than among low stellar mass galaxies. Interestingly, this figure shows that low stellar mass galaxies in filament-type superclusters are mainly blue, but in spider-type superclusters there is relatively more red galaxies among them in comparison with filament-type superclusters. These differences are statistically highly significant, as also differences in galaxy types. Differences between SFRs of galaxies from filament and spider-type superclusters divided by stellar mass are low and statistically unsignificant, according to the KS test.
Next we divided galaxies by colours and SFRs as red, low SFR galaxies (g − r ≥ 0.7, and log SFR < −0.5, approximately 60% of all galaxies), blue, high SFR galaxies (g − r < 0.7, and log SFR ≥ −0.5, 30% of all galaxies), and red, high SFR galaxies (g − r ≥ 0.7, and log SFR ≥ −0.5, 10% of all galaxies). We plot the distributions of their stellar masses and types in Fig. 5 , and give the values of quantiles of the stellar masses and types in Table C .3. This figure shows interesting feature: stellar masses of red, low SFR galaxies, and blue, high SFR galaxies in filament-type superclusters are higher than in spider-type superclusters, as were these masses in overall distributions (Fig. 3 ), but stellar masses of red, high SFR galaxies have higher values in spider-type superclusters. In filament-type superclusters their stellar masses are close to the stellar masses of red, low SFR galaxies, in spider-type superclusters their stellar masses are even higher than those of red, low SFR galaxies. These galaxies are mostly of late type. Thus this figure shows that high mass galaxies are red, even if they are of high SFR and of late type, and there is a difference in their masses in different types of superclusters. KS test shows that the differences between stellar masses and types of high and low SFR galaxies from filament and spider-type superclusters are statistically highly significant for both high and low SFR red galaxies. , for red, low SFR galaxies (red lines), blue, high SFR galaxies (blue lines), and for red, high SFR galaxies (grey lines) in the superclusters of filament (solid lines) and spider (dashed lines) morphology. High SFR galaxies have log SFR ≥ −0.5, and low SFR galaxies have log S FR < −0.5. Lines in the left panel denote the same populations as in the right panel. Figure 6 shows the distributions of environmental densities at smoothing lengths 1, 2, 4, and 8 h −1 Mpc in filament and spidertype superclusters. At all smoothing lengths in these distributions poor groups with N gal ≤ 9 dominate at low densities; higher values of densities correspond to richer groups. Figure 6 shows a small deficit of intermediate-value densities in filament-type superclusters, the KS test shows that the differences are statistically significant at least 95% level. If densities in filament-type superclusters were systematically higher than in spider-type superclusters then the differences between galaxy populations in these superclusters were related to the dependence of the galaxy morphology on the environmental density, but we see that this is not so. Inner morphology of superclusters is important.
We also calculated environmental densities around galaxies of different colour and SFRs. Figure 7 shows environmental densities at 8 h −1 Mpc smoothing length around red, low SFR, blue, high SFR, and red, high SFR galaxies, analysed above. In this figure we see that blue, high SFR galaxies have somewhat lower environmental densities around them than red, low SFR galaxies in both type of superclusters. This is an evidence of a large-scale morphology-density relation. Environmental densities around red, low SFR galaxies in filament-type superclusters have higher values than in spider-type superclusters. Environmental densities around red, high SFR galaxies in spider-type superclusters are close to those for blue galaxies; in filament-type superclusters the densities around them have somewhat higher values. In filament-type superclusters some of these galaxies are located in a rather high-density environment. All differences are statistically highly significant.
Our sample contain several very rich superclusters. We analyse their galaxy populations separately (Sect. 3.3). To see whether our overall results are affected by their dominance we repeated all calculations excluding the richest systems from the sample. All our results remained the same, therefore neither the superclusters from the Sloan Great Wall, nor other very rich superclusters do not dominate in our results.
Superclusters of different shape
Superclusters can be divided into more and less elongated systems according to the value of their shape parameter K 1 /K 2 . The smaller the shape parameter, the more elongated a supercluster is. Superclusters with K 1 /K 2 < 0.5 (more elongated systems) are called filament type, and those with K 1 /K 2 ≥ 0.5 belong to pancake type being less elongated systems (Einasto et al. 2011a) . Costa-Duarte et al. (2013) analysed stellar populations of galaxies in superclusters of different shape, using shape parameter to characterise the overall morphology of superclusters. Similarly, we use the shape parameter to divide superclusters of filament and spider types into sets of more elongated and less elongated systems and compare galaxy populations in them. The results are presented with the KS test in Table 2 . For volume-limited samples galaxy populations in more elongated and less elongated superclusters of filament morphology are statistically similar. KS test shows that galaxy types and SFRs in more elongated and less elongated superclusters of spider type are different at very high significance level. Costa-Duarte et al. (2013) did not find differences in galaxy populations in superclusters of different shape, and we found this for spider-type systems only. We analysed quite rich systems only, diving them at first by their inner morphology. This may lead to the differences in our results.
The richest superclusters
Next we compared galaxy populations in the richest individual superclusters of both morphological types, the superclusters of filament morphology, SCl 001 and SCl 027, and the superclusters of spider morphology, SCL 019 and SCl 099. The superclusters SCl 027 and SCl 019 are the richest systems in the Sloan Great Wall (Einasto et al. 2011b ). The superclusters SCl 099 (the Corona Borealis supercluster) and SCl 001 belong to the dominant supercluster plane (Einasto et al. 1997 (Einasto et al. , 2011a . Figure 8 shows galaxy populations in these superclusters, and Table 2 the results of the KS test, where we compare galaxy content of filament-type systems and spider-type systems.
The galaxy populations in the individual richest systems are all different. Comparison of the galaxy populations of the richest filament-type superclusters and spider-type superclusters shows that the distributions of all their galaxy properties considered in this paper are different at very high significance level, the fractions of red, low SFR galaxies in the richest filament-type systems are higher than those in the richest spider-type systems. For the richest filament-type systems Table 2 shows that all their galaxy properties except stellar masses are different at very high significance level, the fraction of red galaxies in the SCl 001 is higher than in SCl 027, and the fraction of galaxies with high SFR is lower. For the richest spider-type superclusters only the stellar masses of galaxies in them are different at statistically high significance level, galaxies in SCl 099 having higher stellar masses than in those SCl 019. 
Rich and poor groups in superclusters
Most galaxies are located in groups of various richness. Therefore, as a next step we compared the galaxy content of groups of different richness in filament-and spider-type superclusters and in the field. We divided groups of galaxies in superclusters and in the field according to their richness as very poor systems with N gal ≤ 3, poor groups with the number of member galaxies 4 ≤ N gal ≤ 11, and rich groups with N gal ≥ 12. The comparison of galaxy properties in three richness classes are given in Fig. 9 . For clarity we present in Fig. 9 the results for groups from superclusters only. 
Notes. Columns are as follows: 1: Galaxy properties. g − r -colour index, p l -probability of being a late type, log M s -log stellar mass, S FR -log SFR, D 8 -environmental density at 8 h −1 Mpc scale smoothing scale; 2-5: the p KS -value of the test. Figure 9 shows that the richer the group, the larger is the fraction of red, early-type, low SFR, high stellar mass galaxies in it. We found a similar trend for groups in low-density global environments. The KS test shows that differences between all galaxy parameters from poorer and richer groups are statistically highly significant. Figure 9 shows that colour distributions of galaxies in very poor groups with N gal ≤ 3 are very similar in superclusters of different type. The KS test shows that the differences are not statistically significant (Table 3) . Galaxies in very poor groups in superclusters of filament-type have higher stellar masses than galaxies in superclusters of spider-type, and the fraction of high SFR galaxies among them is smaller. For richer groups Fig. 9 shows that groups of the same richness host galaxies with higher stellar masses, and they have a larger fraction of early-type and red galaxies, and a higher fraction of low SFR galaxies, if they are located in superclusters of filament morphology. For colours and SFRs the KS test says that the differences between groups with less and more than 12 galaxies are not statistically significant. The stellar masses and types of galaxies are also significantly different in the case of these richness classes. In the field groups the fraction of red, low SFR galaxies is lower than in groups of the same richness in superclusters. Summarising, the galaxy content of groups of the same richness is somewhat different in superclusters of filament and spider morphology.
3.5. The peculiar velocities of the main galaxies of groups Einasto et al. (2012a) showed that in superclusters of spider morphology rich groups with N gal ≥ 50 have a greater probability of having substructure and higher peculiar velocities |v pec | of their main galaxies than rich groups in superclusters of filament mor- Notes. Columns are as follows: 1: Galaxy properties are the same as in Table 2 . 2: the p KS -values of the test for single galaxies and groups with 2-3 member galaxies in superclusters of filament and spider morphology. 3: the same for groups with 4 -11 member galaxies. 4: the same for groups with at least 12 member galaxies.
phology. They suggested that rich groups in superclusters of spider morphology may be dynamically younger than rich groups in superclusters of filament morphology. Next we compare the peculiar velocities of the main galaxies of groups in superclusters and in the field to obtain an estimate of the group's dynamical state, and to understand whether the differences in the dynamical state of groups may be related to the differences in their galaxy content. In these calculations we did not want to use data of all groups since for very poor groups calculations of the peculiar velocities of their main galaxies are not reliable. Recently Ribeiro et al. (2013) used several methods to analyse the structure and dynamical state of galaxy groups and showed that these methods give quite reliable results for groups with more than ten member galaxies ( Figure 2 and Table 1 in Ribeiro et al. 2013) . We made calculations with several group richness limits and found that the results are similar, but for richer groups the sample size is smaller and this decreases the statistical significance of the results. Therefore we used groups with N gal ≥ 12 in A&A proofs: manuscript no. AA23111 our analysis. We show the distributions of the values of the peculiar velocities of the main galaxies in groups in superclusters and in the field in Fig. 10 (left panel). Figure 10 shows that the distributions are clearly different. The KS test says that the differences of the peculiar velocities of the main galaxies in groups with at least 12 member galaxies in superclusters of filament and spider morphology, and between supercluster and field galaxy groups are statistically significant at very high levels (p-value p < 0.05). There is a deficit of groups with small values of the peculiar velocities of their main galaxies in groups from superclusters of filament morphology, and an excess in groups from superclusters of spider morphology, and in the field. Einasto et al. (2012b) showed for very rich groups with N gal ≥ 50 that in groups with the peculiar velocities of the main galaxies |v pec | < 250 kms −1 main galaxies are located near the centre of the group. Higher peculiar velocities of the main galaxies suggest that the main galaxy is located far from the centre, a sign of a dynamically young group. Figure 10 shows that the peculiar velocities of the main galaxies in groups in superclusters of filament morphology are higher than those in groups from superclusters of spider morphology, suggesting that they are dynamically younger. In the richest groups we see the opposite: here the peculiar velocities of the main galaxies in groups from spider-type superclusters are higher than those in groups of filament-type superclusters, as also shown in Einasto et al. (2012a) . Interestingly, we found that groups of the same richness contain a larger fraction of red, passive galaxies in superclusters of filament morphology than in superclusters of spider morphology, and this trend is similar for groups of different richness, but the values of the peculiar velocities depend on richness.
We also studied the relation between the peculiar velocities of group main galaxies, and environmental density in superclusters around them, for several smoothing lengths. Since the results were similar, we present them for smoothing length 8 h −1 Mpc only (Fig. 10, right panel) . This figure shows a possible weak correlation between the peculiar velocities of the main galaxies and environmental density for filament-type superclusters, but not for spider-type superclusters. This was confirmed by Pearson's correlation test which showed for filament-type superclusters that the correlation coeficient r = 0.19 with p = 0.06. For spider-type superclusters this test found that r = 0.01 with p = 0.93. the peculiar velocities of the main galaxies in groups with at least 12 member galaxies in superclusters of filament and spider morphology (red and blue lines), and in the field (grey line). Right panel: the peculiar velocities of the main galaxies in groups with at least 12 member galaxies in superclusters of filament and spider morphology (red and blue dots) vs. environmental density in superclusters at smoothing length 8 h −1 Mpc.
Discussion and conclusions
We showed that the fraction of red, early-type, low SFR galaxies in superclusters of filament morphology is higher than in superclusters of spider morphology. In addition, the fraction of these galaxies in superclusters is higher than among galaxies in low-density global environments. There are relatively more red galaxies among low stellar mass galaxies in spider-type superclusters than in filament-type superclusters.
In superclusters of filament morphology groups of equal richness host galaxies with higher stellar masses, and they have a larger fraction of early type and red galaxies, and a higher fraction of low SFR galaxies in comparison with groups in spidertype superclusters. In agreement with Lietzen et al. (2012) , we found that groups of equal richness have a larger fraction of early-type and red galaxies, and a higher fraction of low SFR galaxies, if they are located in high-density large-scale environments (superclusters) rather than in the field. In superclusters they also host galaxies with higher stellar masses than groups in the field. Luparello et al. (2013) also found that galaxy groups in superstructures (Luparello et al. 2011 ) have higher stellar masses, higher values of the peculiar velocities, and have older galaxy populations than groups outside of superstructures.
About 10% of all galaxies in both types of superclusters are red, high SFR galaxies. These galaxies are mostly late type, their stellar masses are similar to stellar masses of red, low SFR galaxies, and higher than those of blue galaxies. In spidertype superclusters their stellar masses have higher values than in filament-type superclusters. Earlier studies have shown that massive galaxies are red, independent of their morphological types Masters et al. 2010; Einasto et al. 2011b ). We found that red, high SFR galaxies can usually be found at low and intermediate densities in both type of superclusters, but some of them are also located at regions of quite high environmental density. Red, high SFR galaxies typically lie at intermediate densities in small groups in superclusters (Wolf et al. 2005; Einasto et al. 2008; Skibba et al. 2009 ), but they can be also found in rich clusters, and among the main galaxies of clusters (Einasto et al. 2011b) , in agreement with our present findings. This means that processes which change the colours of latetype galaxies to red while keeping the high SFR must occur both in high-and intermediate-density regions, and are more effective on high stellar mass galaxies. We plan to study their location in groups and clusters of individual superclusters to understand their distribution and properties better. Einasto et al. (2008 Einasto et al. ( , 2011b ) determined a large variation in the distributions of different galaxy populations in individual rich superclusters. We found in the present study a large diversity in the properties of galaxy populations of the richest superclusters in our sample. Explaining large variation in the distribution of galaxy populations in superclusters is a challenge for galaxy formation models.
Costa-Duarte et al. (2013) showed that there is no difference between stellar populations of galaxies in superclusters classified by their overall shape as filaments and pancakes. In our study we found that when we divided superclusters of different morphology by their shape parameter into more elongated and less elongated populations then the differences in galaxy population between them are small.
Superclusters obtained their morphology and group and galaxy populations during the formation and evolution of the cosmic web. In the Λ Cold Dark Matter (ΛCDM) concordance cosmological model the structures forming the cosmic web grow by hierarchical clustering driven by gravity (see Loeb 2002 Loeb , 2008 , and references therein). The present-day dynamical state of clusters of galaxies depends on their formation history. We analysed the dynamical state of galaxy groups using the peculiar velocity of their main galaxies as an indicator of the dynamical state, and found that the velocities in filament-type superclusters are higher than those in spider-type superclusters. In this analysis we used groups with N gal ≥ 12. In contrast, for the richest clusters with N gal ≥ 50 Einasto et al. (2012a) found that these velocities are higher in superclusters of spider morphology. Krause et al. (2013) recently analysed the distribution and dynamical state of galaxy groups in the Ursa Major Supercluster (in our catalogue SCl 211 of filament morphology) and found that groups with Gaussian velocity distribution of their member galaxies are located in the denser regions of the supercluster. They suggested that relaxed galaxy groups in the supercluster have formed and evolved earlier and faster around high-density peaks, while nonrelaxed systems may be growing more slowly on the peripheries of lower density peaks. Interestingly, we found in this study a weak correlation between environmental density and the peculiar velocities of the main galaxies in groups in filament-type superclusters, so that groups with higher values of the peculiar velocities of their main galaxies are located in higher density environments, this is opposite to the Krause et al. (2013) result. They studied one rich supercluster. We showed that the properties of individual rich superclusters vary strongly. This may be the reason for different results. Einasto et al. (2011b) found in the study of the richest superclusters in the Sloan Great Wall, SCl 027 and SCl 019, that the peculiar velocities of the main galaxies in groups depend on the morphology of the main galaxies, and on their location in the supercluster. Einasto et al. (2012a) assumed that superclusters of spider morphology have richer inner structure than superclusters of filament morphology with a large number of filaments between clusters in them so mergers of clusters may occur more often in these superclusters. Therefore clusters in spider-type superclusters could be dynamically younger. This agrees with the results of their galaxy populations, spider-type superclusters hosting a larger fraction of blue, star forming galaxies, but contradicts the calculations of the peculiar velocities of their main galaxies. This is one of the open questions for future studies of superclusters and galaxy clusters in them. Einasto et al. (2005) showed by numerical simulations that in low-density global environment only poor systems form, these systems grow very slowly. In high-density global environments, the dynamical evolution is rapid and starts earlier, consisting of a continua of transitions of dark matter particles to building blocks of galaxies, groups, and clusters. Dark matter halos in voids are found to be less massive, less luminous, and their growth of mass is suppressed and stops at earlier epochs than in high-density regions. During the structure formation in the Universe, halo sizes in the supercluster core regions increase, while in void regions halo sizes remain unchanged (Tempel et al. 2009 ). Thus, during the evolution of structure the overall density in superclusters increases, which enhances the evolution of the small-scale protohalos in them (Suhhonenko et al. 2011) . This may lead to the differences in the properties of galaxy groups and galaxies in them in superclusters and in the field.
A number of processes that transform galaxies in highdensity environments have been proposed, either observationally or in simulations. These include galaxy-galaxy mergers (Barnes & Hernquist 1992) , galaxy harassment (Richstone 1976; Moore et al. 1996) , tidal stripping by the host group or cluster's gravitational potential (Gnedin 2003) , ram pressure stripping of cold gas by the hot gas of the diffuse intra-cluster or intra-group medium (Gunn & Gott 1972) , and strangulation or removal of galactic halo gas (Larson et al. 1980) . These processes are effective both in galaxy groups and during mergers of groups into clusters (pre-and post-processing of galaxies, Berrier et al. 2009; Vijayaraghavan & Ricker 2013) . Cen (2011) used hydrodynamical simulations to show that for galaxies at z = 0 star formation is efficient in low-density regions while it is substantially suppressed in cluster environments. During hierarchical structure formation, gas is heated in high-density regions (groups, clusters, and superclusters), and an increasingly larger fraction of the gas has entered a phase which is too hot to feed the residing galaxies. As a result, the cold gas supply to galaxies in these regions is suppressed. The net effect is that star formation gradually shifts from the larger halos that populate overdense regions to lower density environments. Thus, a lack of cold gas due to gravitational heating in dense regions may provide a physical explanation of cosmic downsizing and one of its manifestations is observed as the colour-density relation.
Summarising, our results are as follows.
1) The fraction of red, early-type, low SFR galaxies is higher in superclusters of filament-type than in superclusters of spidertype, higher in superclusters than among galaxies in lowdensity global environment, and higher in all environments in rich groups than in poor groups. 2) Groups of equal richness host galaxies with higher stellar masses, and they have a larger fraction of early-type and red galaxies, and a higher fraction of low SFR galaxies if they are located in superclusters of filament morphology. 3) In spider-type superclusters the red, high SFR galaxies have higher stellar masses and lower values of environmental densities around them than in filament-type superclusters. 4) The peculiar velocities of the main galaxies in groups in superclusters of filament morphology are higher than in groups in superclusters of spider morphology. In filament-type superclusters groups with higher peculiar velocities of their main galaxies are located in higher density environments than those with low peculiar velocities. 5) There are significant differences between galaxy populations of the individual richest superclusters.
These results suggest that both local (group) and global (supercluster) environments, and inner structure and detailed density distribution in superclusters are important factors affecting the evolution of galaxies and galaxy groups in them. Our study indicated several open questions that need future studies. It is not clear how the processes that shape the properties of galaxies in different environments are related to the supercluster scale density field, and how the supercluster morphology is related to the properties of galaxies and groups in them. We plan to develop further the methods to quantify inner structure of superclusters, in order to understand better the role of supercluster environment in the formation and evolution of galaxies and galaxy groups in them. We also plan to study the inner structure of superclusters using galactic filaments (Tempel et al. 2013 ). (Einasto et al. 2012a) ; 3: the number of galaxies in the supercluster, N gal ; 4: the distance of the supercluster; 5: the total weighted luminosity of galaxies in the supercluster, L tot ; 6: the maximum value of the fourth Minkowski functional, V 3,max (clumpiness), for the supercluster; 7: the ratio of the shapefinders K 1 /K 2 (the shape parameter) for the supercluster; 8: Morphological type of a supercluster 9: ID(E01): the supercluster ID in the catalogue by Einasto et al. (2001) . SCl 111 and SCl 126 -members of the Sloan Great Wall, SCl 158 -the Corona Borealis supercluster, SCl 138 -the Bootes supercluster, SCl 109 -the Ursa Major supercluster.
Appendix B: Minkowski functionals and shapefinders
For a given surface the four Minkowski functionals (from the first to the fourth) are proportional to the enclosed volume V, the area of the surface S , the integrated mean curvature C, and the integrated Gaussian curvature χ. Consider an excursion set F φ 0 of a field φ(x) (the set of all points where the density is higher than a given limit, φ(x ≥ φ 0 )). Then, the first Minkowski functional is the volume of this region (the excursion set):
V 0 (φ 0 ) = The second Minkowski functional is proportional to the surface area of the boundary δF φ of the excursion set:
2)
The third Minkowski functional is proportional to the integrated mean curvature C of the boundary: The first three functionals were used to calculate the shapefinders K 1 (planarity) and K 2 (filamentarity) (Sahni et al. 1998; Shandarin et al. 2004; Saar 2009 ) and their ratio, the shape parameter K 1 /K 2 . The smaller the shape parameter, the more elongated a supercluster is. We used morphological information about superclusters, and their visual appearance to classify them as filaments and spiders. As an example, we present in Fig. B .1 the sky distribution of galaxies in one filament-type and one spider-type supercluster (SCL 001 and SCL 019, respectively). (2), and blue, high SFR (3) galaxies in superclusters of filament and spider morphology.
